Abstract: To improve water management in mountain systems, it is essential that we understand how water moves through them. Researchers have documented the importance of porous-media aquifers in mountain river systems, but no previous research has explicitly included mountain karst as part of conceptual models. To do so, we used discharge and geochemical parameters measured along upstreamto-downstream transects under high-and low-flow conditions in 2010 to assess storage characteristics and geochemical properties of two mountain marble-karst systems, the Big Spring and Tufa Spring systems in Sequoia and Kings Canyon National Parks, California. During both high-and low-flow conditions, we quantified the relative contributions of concentrated and diffuse recharge in both karst systems, and we used a simple linear mixing model to calculate specific conductance in unsampled diffuse sources that ranged from 34 mS cm 21 to 257 mS cm 21 . Data show that the Big Spring system has a much higher seasonal storage capacity than the Tufa Spring system, and that diffuse sources dominate discharge and geochemistry under baseflow conditions in both aquifer systems. 
INTRODUCTION
Understanding how water enters and is stored in karst aquifers is essential to characterizing storage properties, as well as assessing the vulnerability of an aquifer to contamination (Scanlon et al., 2003) . In mountain aquifer systems, little is known about storage and vulnerability relative to our understanding of larger aquifers that are more intensively used and studied. For example, the Edwards Aquifer in central Texas is intensively utilized for municipal and agricultural water, and many studies have been performed to assess its storage properties and vulnerability (Scanlon et al., 2003; Musgrove and Banner, 2004; Slade et al., 1986) . In mountain aquifers, however, an individual aquifer is rarely utilized directly, and it is often relatively small and difficult to access for study. Despite this, the combined effects of many small mountain aquifer systems can be important because they contribute significant amounts of water to mountain river systems (Clow et al., 2003 ) that may be heavily or entirely exploited for municipal, agricultural, and industrial uses as they leave the mountain range. In most cases, although small mountain aquifers can be vitally important to the surface water system, especially during dry seasons after snowmelt, they are not well characterized or studied because snowmelt dominates annual discharge. As a result, little is known about how storage varies spatially along an elevational gradient, as a function of rock type or other geologic materials, or how vulnerable these smaller aquifers are to contamination and climate change. Clow et al. (2003) built a conceptual model of groundwater systems in mountain ranges that describes their importance in storing water and influencing biogeochemical processes. They found that aquifers in unconsolidated porous media in the Colorado Rockies, USA, play a significant role in storing water over seasonal timescales. Although they were able to quantify the roles these aquifers play in contributing to the stream systems, the systems they focused on did not include karst aquifers. Karst aquifers are often conceptualized as a network of conduits that are surrounded by and connected to a matrix, each having its own continuum of properties (Bakalowicz, 2005) . To better understand storage properties and potential flow paths in a karst aquifer, it is important to quantify how the conduit and matrix components, as well as any associated porous media such as soils and glacial sediments, contribute to controlling discharge and geochemistry at a spring. The relative importance of each of these components depends on a variety of geological variables, such as matrix porosity, fracture frequency and aperture, epikarst thickness, soil thickness, and phreatic storage, that ultimately affect both water storage and contaminant movement in an aquifer (Ford and Williams, 2007) .
In the Sierra Nevada in Sequoia and Kings Canyon National Parks (SEKI), California ( Fig. 1) , karst aquifers, formed in numerous long and narrow bands of marble in the Kaweah River basin, contribute substantially to Figure 1 . Drainage basin locations. Inset map shows Sequoia and Kings Canyon National Parks and the study location (rectangle) in the state of California, USA. Groundwater systems studied are noted by letters BS for Big Spring and TS for Tufa Spring. USGS gauging site 11208731, on the East Fork, is noted by a gray triangle.
B. TOBIN AND B. SCHWARTZ maintaining river flows during the dry season (Despain, 2006; Tobin and Doctor, 2009 ). However, with only a few exceptions, even the most basic quantitative data describing how, how much, where, and when water enters and moves through these groundwater systems, and what their geochemical properties are, is nonexistent.
Six of the karst aquifers in the Kaweah River basin provide the only known habitat for two endemic aquatic species, an isopod (Bomanecellus sequoia) and an undescribed flatworm. Recent applications of fire-retardants in one of these watersheds highlighted the need for at least a basic understanding of how the systems function before management strategies can be implemented. However, to develop realistic and effective management strategies for both the surface and subsurface systems associated with these and other aquifers in SEKI, resource managers first require the development of conceptual models that describe how water and mobilized contaminants move through the aquifer systems.
Flow dynamics and pollutant type have been shown to play major roles in determining the overall impact a contaminant has on a karst ecosystem. For example, Loop and White (2001) documented that if contaminants enter the karst system via concentrated recharge, they remain primarily in the conduit systems. Conversely, if contaminants enter a system via diffuse infiltration, they are likely to behave more similarly to contaminants in typical porous media and fractured aquifers. While SEKI karst systems contain both rapid and slow flowpaths, the systems are additionally complicated by the fact that they may include flow derived from multiple karstic sources, as well as from adjacent non-karstic groundwater sources and varying amounts and types of overlying porous media such as glacial deposit. In Indiana, Iqbal and Krothe (1995) documented multiple flow paths in a flat-lying mantled karst, where movement through overlying unconsolidated materials is typically dominated by laminar flow and transport in the karst bedrock is usually through conduits with turbulent flow. Although their study occurred in a different geologic setting, it showed that karst systems overlain by porous media may have substantial amounts of water stored in an overlying, perched aquifer, whether this is part of the epikarst or not.
SEKI receives airborne contaminants of local, national, and international origins. Significant amounts of lead, cadmium, mercury, and other heavy metals, as well as currently and previously used pesticides, have been documented in snow, lake sediment, and both wet and dry atmosphere samples collected in SEKI (Landers et al., 2010) . The negative effects of these contaminants on aquatic ecosystems have been repeatedly documented (Hafner et al., 2007; Schwint et al., 2008) , and research in the Kaweah River basin in SEKI has shown that pollutants deposited on the land surface are easily mobilized and transported into aquatic systems via seasonal precipitation runoff and snowmelt (Engle et al., 2008) . In certain areas, contaminants are transported into and through karst aquifers before being discharged into the larger river system (Despain and Tobin, 2010) .
One of the major issues hindering our understanding of how potential contaminants enter and move through small mountain karst systems is the lack of a generalized conceptual model describing storage and flow in these systems. Consequently, there is a need for a conceptual hydrogeologic model that can be used as a foundation for additional work in SEKI and elsewhere. Clow et al. (2003) provide a starting point by describing storage and recharge in non-karstic mountain aquifer systems. Besides the lack of karst in their study system, a difference between their system and those found in the Kaweah River basin is the significantly lower quantities and thicknesses of unconsolidated glacial and landslide deposits in the Kaweah. Without extensive unconsolidated deposits, dryseason baseflow should be extremely low in the Kaweah. However, the opposite has been documented. Peterson et al. (2008) found that, relative to basin size, baseflow was higher in the Kaweah than in surrounding river basins with more substantial glacial deposits. This finding strongly suggests that different storage components must be supporting baseflow. In the Kaweah Basin, the most likely candidate is karst.
Because of their diversity and distribution across a large elevation gradient, the karstified marble aquifers in SEKI provide ideal study systems for adapting the conceptual model of mountain aquifer systems to include the effects of karst on storage, baseflow, and stream chemistry. To achieve this, we measured upstream-to-downstream variations in water quantity and chemistry in two aquifer systems, the Tufa Spring system (Fig. 2 ) and the Big Spring system (Fig. 3) . These systems are typical of karstic systems in the Kaweah Basin in that they include narrow bands of marble bedrock that are at least partially mantled by overlying unconsolidated glacial and landslide materials. These unconsolidated deposits add another layer of complexity to storage, flow, and recharge processes already known to occur in the karstic portion of the aquifer systems. By measuring all concentrated recharge sources in both stream-aquifer systems and by measuring changes in chemistry as water moves from upstream sink-points, through multiple sections of the karst aquifer, and eventually rises at a spring, it is possible to calculate the contributions of concentrated and diffuse recharge components to spring discharge, as well as to constrain both the potential source areas and the basic geochemistry of diffuse recharge.
The primary goals of this research were to determine the source locations for and quantify amounts of water in two marble karst systems, to determine the proportions derived from diffuse karst and unconsolidated sources versus concentrated sources of recharge such as sinking streams during both high-and low-flow conditions, and to adapt QUANTIFYING CONCENTRATED AND DIFFUSE RECHARGE IN TWO MARBLE KARST AQUIFERS: BIG SPRING AND TUFA SPRING, SEQUOIA AND KINGS CANYON NATIONAL PARKS, CALIFORNIA, USA and modify the mountain aquifer conceptual model to include the effects of karst.
Although it is a concern to resource managers in SEKI and elsewhere, this study does not specifically address the fate and transport of contaminants in mountain marble karst aquifers. Instead, this study focuses on seasonal changes in groundwater contributions from the two largest karst aquifers in the Kaweah River basin to provide insight into aquifer properties such as storage, concentrated versus diffuse sources, relative residence times, and generalized flow paths in the aquifer. In doing this, the study provides a hydrogeological and geochemical framework upon which future studies about fate and transport of contaminants, monitoring protocols, and management strategies can be built. (Fig. 1) . The river basin has a catchment of 1080 km 2 and ranges in elevation from approximately 300 m at the base of the Sierra Nevada, to over 4,000 m in the upper reaches of the drainage. Spring discharge from karst aquifers is a significant source of baseflow into all forks of the Kaweah River during the dry season. Despain (2006) documented that Tufa Spring contributed approximately 30 percent of the discharge of the entire East Fork, as measured at the USGS gauging station near the The region experiences a Mediterranean climate, with most precipitation falling during winter months. Precipitation varies along an elevational gradient, with an annual average of 35 cm at 500 m elevation and 100 cm at 2000 m. At elevations above 2000 m, precipitation is primarily in the form of snow that begins melting in late spring and supplies large amounts of melt water to the river system during early summer. The wet season is followed by a long dry period through the summer months and into the fall. As snowmelt decreases throughout the summer, discharge from karst aquifers in the park supplies an increasingly larger proportion of water in the rivers (Despain, 2006) .
Surface geology in the Kaweah River basin is dominated by the granite to grano-diorites of the larger Sierran Batholith (Sisson and Moore, 1994) . A series of northwestsoutheast trending bands of schists, quartzites, and marbles along the western edge of the mountain range are derived from Mesozoic-aged marine sediments. The highly karstified marbles are bounded by relatively insoluble nonkarstic rocks and are excellent examples of marble-stripe karst as described by Lauritzen (2001) . Unlike karst drainage basins developed in regions with extensive horizontally bedded carbonates and substantially less topographic relief, the contributing areas associated with stripe-karst aquifers have distinct boundaries. Typically, each band of marble is exposed in only one or two surface drainage basins, which constrains the areas of potential karstic and contributing drainage.
Water emerging at Tufa Spring is derived from two high-elevation basins (Despain, 2006) . More than forty caves have been documented in these basins, the longest of which are White Chief Cave, with approximately 1.6 km of mapped passage, and Cirque Cave, with approximately 1 km. The Big Spring system drains a larger basin in a midelevation coniferous forest and contains the longest known cave in California: Lilburn Cave, with over 32 km of mapped passage.
Many karst aquifers in SEKI are mantled by significant deposits of unconsolidated material such as alluvium, talus, and glacial or landslide deposits. The Big Spring and Tufa Spring aquifers are both mantled to varying degrees by these deposits. More than half of the marble that contains the Tufa Spring system is exposed in outcrops, with the remainder mantled by talus, alluvium, or glacial moraines (Fig. 2) . The Big Spring system is almost entirely mantled by a series of mature landslide deposits, with only a few small surface outcrops of marble exposed in the basin (Fig. 3) .
METHODS
In 2010, water samples and discharge measurements were collected during high-flow (July-August) and lowflow (September-October) conditions at a series of points along the Big Spring and Tufa Spring stream-aquifer systems. Previous dye-trace studies at Tufa Spring (Despain, 2006) and Big Spring (Tinsley et al., 1981) documented the flow routes used in the analyses and discussion of this paper.
Water samples (125 mL) were collected from all surface streams and springs, as well as from a number of sites in caves. Sample collection and preservation in the field followed published USGS protocols (Shelton, 1994 ) for major cation, major anion, and nutrient analyses. Field protocol included on-site measurement of specific conductance, dissolved oxygen, pH, and temperature. Each sample was filtered through a 0.45 mm syringe filter. Alkalinity was measured by titration in the same lab using the inflection-point method (Rounds, 2006) . Discharge measurements were collected using either a pygmy meter or a turbine flow-meter (a Global Water hand-held flow meter). Springs and streams were gauged at sites having as uniform a cross-section and flow as possible, and with minimal riffles. In rocky streams, whenever possible, the most consolidated section of a stream channel having the fewest flow routes around boulders was used to minimize errors. However, due to the steep and rocky nature of nearly all stream channels and spring runs, the accuracy of discharge measurements is estimated to be 6 10%.
In the Big Spring system, surface water samples were collected upstream of the karst system, at each known surface tributary upstream of where it recharges the karst system, and at Big Spring. Samples were collected at two locations along the main stream in Lilburn Cave (sites G and H on Fig. 3 ) and at each known subsurface tributary to the main stream in the cave. Due to low flows in each surface tributary during the August sampling and no flowing water at these sampling sites in September, data from these sites could not be included in our analyses.
The Tufa Spring system is a more complex system in which water flows sequentially through a series of karst aquifers and short surface streams before finally emerging at Tufa Spring. Additionally, there are two non-karstic surface streams, White Chief Creek and Eagle Creek, flowing directly into the aquifer via sink points. Samples were collected at sinkpoints upstream of each karst segment, at each known infeeder into the system, and at each spring (Fig. 2) .
To quantify the relative importance of diffuse flow to discharge at any given point along the aquifer transect, a mixing model, modified from Lackey and Krothe (1996) , was used that incorporates discharge (Q), and geochemical parameters: either specific conductance or ion concentration. With this method, geochemical properties can be determined for water that is added between two measured B. TOBIN AND B. SCHWARTZ points in a system. In more detail, a measured geochemical parameter (specific conductance or any major ion can be used in these chemically undersaturated systems) at an upstream site (C U ) is multiplied by the flow measured at the upstream site (Q U ) and then subtracted from the geochemical parameter measured downstream (C D ) multiplied by the flow at the downstream site (Q D ). This value is then divided by the difference in measured discharge between upstream and downstream sites Q D {Q U~Qdif ð Þ to calculate the geochemical parameter of interest that is added to the flow system between two measured locations. The entire expression can be written as C difC
Because we have measured all concentrated recharge sources, the additional water is assumed to be from diffuse sources. To calculate values for each diffuse input (1 and 2 on Fig. 4 and 3 , 4, and 5 in Fig. 5 ), the measured values for the site(s) immediately upstream were used for the upstream values, and the site immediately downstream was used for the downstream values.
The model assumes that measured sink-point discharge values represent all concentrated recharge locations and that any additional water measured at a downstream site is from diffuse inputs. Due to the limited extent of the marble karst in the basins, we believe that we identified and quantified most, if not all, surface tributaries. Additional assumptions of the model are that minimal chemical evolution is occurring along the main flow path of the system and that additional solutes entering the system are derived from the diffuse recharge and flow components. In support of these assumptions, flow times through the aquifers are fast, with water traveling the length of the system in approximately one day (Despain, 2006; Tobin and Doctor, 2009 ). Additional evidences that minimal dissolution is occurring along the main conduit in both systems is that there is almost no change in the saturation index along the main stream conduit in Lilburn Cave and there are negligible changes in measured conductivity and calcium, bicarbonate, and other ions along the main stream conduit during both sampling periods, indicating minimal dissolution along the main conduit.
RESULTS AND DISCUSSION
Tufa and Big Springs exhibit different responses during the dry season. Tufa Spring discharge decreased by an order of magnitude, while Big Spring discharge decreased by less than 50%. Tufa Spring also showed much larger differences in the proportions of discharge derived from concentrated and diffuse flow under different flow regimes. Mixing-model results show that the proportion of diffuse water in the Tufa Spring system was 41% during high flow and 68% during baseflow (Table 1 ). The magnitude of the change in discharge values in the system, however, suggests that, although a large portion of the discharge was derived from diffuse recharge under both conditions, the average residence time in the Tufa Spring system is relatively low. Discharge decreased from 0.22 m 3 s 21 to 0.02 m 3 s 21 between high flow and baseflow periods. Calculated values in the Tufa Spring system show high conductivity and ionic concentrations for diffuse input source 2 in Figure 4 , between points D and E in Figure 2 , which is consistent with values from other karst springs in SEKI that are dominated by diffuse contributions; small karst springs without any known concentrated recharge have conductivity values ranging from 350 mS cm 21 to 650 mS cm 21 ). Low conductivity values calculated for diffuse source 1, located between points A and B, indicate that these waters are likely flowing quickly through high-permeability, younger deposits and have less time for water-rock interaction. These results are supported by geologic Table 2 .
QUANTIFYING CONCENTRATED AND DIFFUSE RECHARGE IN TWO MARBLE KARST AQUIFERS: BIG SPRING AND TUFA SPRING, SEQUOIA AND KINGS CANYON NATIONAL PARKS, CALIFORNIA, USA observations in these two areas. Diffuse source 2 water is derived from thick and poorly sorted glacial deposits lying directly on marble, while source 1 water flows through more recent, primarily granitic talus deposits. During the high-flow period, source 2 had generally higher calculated values than during low flow. Although we have minimal evidence in support of this, one explanation is that this water may be recharging via piston flow through the glacial deposits. Under this scenario, there may be a perched longer-term (annual) storage component in the system that is displaced as recent snowmelt water infiltrates and flushes it out. Then, during low-flow conditions, all the older water has been displaced and only more recent low-conductivity snowmelt waters remain and are recharging the system. Big Spring responds differently to seasonal changes in the proportions of discharge derived from diffuse and concentrated recharge. Using only the difference between concentrated recharge and spring discharge to quantify diffuse recharge, the high-flow period in August appears to be dominated by diffuse flow, accounting for 72% of the discharge at Big Spring (Table 2) . However, during September the percentage actually decreased to 52%, which is surprising because the diffuse contribution would be expected to increase as rapid recharge, dominated by snowmelt, decreases throughout the dry season. Calculated values for specific conductance and chemical concentrations in diffuse source 5 in Figure 5 during August highflow conditions are lower, in some cases substantially, than might be expected for diffuse flow in this system, which are approximately the values found during September. For example, the specific conductivity was 144 mS cm 21 during high flow versus 217 mS cm 21 during low flow. This likely reflects the contributions of undetected and unmeasured sources of concentrated recharge into the system. In reality, the apparent decrease in the proportion of diffuse contribution to Big Spring between high flow and low flow is likely related to hidden sources of concentrated recharge, which violates the first assumption of the mixing model, that all unaccounted-for discharge is derived from diffuse sources. The lower specific conductivity and ion concentrations (Table 2) for August supports this, and subsequent field observations found that a series of small but unmeasured surface infeeders were likely still flowing during the August sampling, but were sinking upstream from our previously established sampling sites. If this was the case, then water was following unseen rapid flowpaths through and under landslide deposits before directly recharging the karst aquifer. During low-flow conditions in the Big Spring system, calculated specific conductance values for all three diffuse sources (3, 4, and 5) are relatively high, which is consistent with what is expected for water flowing slowly through overlying weathered unconsolidated materials and small fractures in the karst. Calculated values are also consistent with the specific conductivity of drip waters in Lilburn Cave (measured between 160 and 200 mS cm 21 ), which are slightly higher Table 1 B. TOBIN AND B. SCHWARTZ than the calculated high-flow, diffuse sources at points 4 and 5 in Figure 5 and Table 2 . In both the Tufa Spring and Big Spring systems, ion concentrations and total solute load increase as water moves from the headwater regions toward the springs. This is expected in groundwater systems due to water-rock interactions as water moves through the system. However, this research has shown that the reasons for increased solute loads may have little to do with the length of the primary conduit system and much more to do with inputs from diffuse sources: either small fractures and epikarst sources or overlying unconsolidated materials. In both systems, similar trends occur in ionic concentrations and specific conductance. Upstream tributaries that flow over or through non-carbonates have relatively low concentrations, while calculated diffuse inputs and locations sampled farther downstream have higher concentrations (Tables 1  and 2 ). While this is consistent with a model of downstream chemical evolution in which solute load increases as a function of residence time, system length, and rates of interactions with geologic materials, measured changes in water chemistry in the Big Spring system indicate that increased solute load is dominated by diffuse inputs along the main flow path rather than by dissolution of marble in the main stream conduit. In accessible portions of the main stream conduit where there is little observed diffuse or other input, specific conductance and ion concentrations stay relatively constant between sampling sites (Fig. 5) , and the water is consistently undersaturated with respect to calcite. Only when additional water enters the system between the accessible cave and Big Spring does the chemistry change significantly.
Samples taken at Tufa Spring were also undersaturated with respect to calcite during both sampling periods. Because of the quick flow times in the aquifer, less than one day for storm pulses to move through the system, it is likely that measured changes in the ionic concentrations and specific conductance are due to seasonally variable contributions of diffuse flow into the system, rather than chemical evolution of waters along the main conduit, which is inaccessible.
CONCLUSIONS
Using simple methods and relatively easy to obtain field data, this study quantified the amounts of water derived from concentrated and diffuse recharge sources in the Big Spring and Tufa Spring karst systems. The proportion of flow derived from each type of recharge varies temporally, with concentrated recharge dominating during high flow and diffuse recharge dominating during baseflow conditions. Our data indicate that, although karst aquifers in Sequoia and Kings Canyon National Parks are complex systems with multiple flow paths, storage compartments, and residence times, many of them may be relatively easy to delineate and characterize because of their limited spatial extent and narrow geologic constraints. This research highlights the importance of quantifying karstic aquifers in mountain hydrologic systems. Currently, karstic groundwater storage in the Kaweah River basin is not included in the conceptual model as described by Clow et al. (2003) , nor is it included in any current water management plans or basin models. In addition, high baseflow discharge in the Kaweah River, relative to basin size and the number and size of porous media aquifers in the basin, does not follow the expected trend in which lesser amounts of these aquifer materials correlate with lower dry-season baseflow (Peterson et al. 2008) . These findings highlight the importance of and need for modifying the existing conceptual model to include karst, even in settings where the aerial extent of karst may seem insignificant.
In most mountain basins, a substantial amount of water is stored in unconsolidated, porous deposits, as described by Clow et al. (2003) . However, karst aquifers also have potentially substantial storage and can contribute significant amounts of groundwater to surface systems during seasonal dry periods, especially in systems such as the Kaweah that contain relatively few unconsolidated aquifer materials and numerous small karst aquifers. Based on our findings in two systems in SEKI, karst aquifers contribute significant amounts of water to the river system and should be included in conceptual models of mountain hydrology whenever karst is present. Karst aquifers are found elsewhere in the Sierra Nevada range and in many other mountain settings, yet because of the importance of snowmelt to annual river discharge, they are often ignored or underappreciated with respect to their contribution during the dry season. In addition, with future changes in climate predicted to result in increasing snowline elevations and less snowmelt discharge, the importance of seasonal or longer karstic storage in maintaining dry season flows will increase.
The susceptibility of any aquifer to contamination is a function of geologic materials, contaminant type, and the transport and flow regime. For a contaminant entering a system via diffuse flowpaths, it is likely that it will be temporally and spatially distributed, which means that it may be detected at the spring in low concentrations for long periods of time. However, if a contaminant enters an aquifer at a concentrated recharge site, it is more likely to be flushed quickly through the conduit system, bypassing most of the smaller fractures and pores, and behaving according to the model proposed by Loop and White (2001) . Due to the variability in the retention time and amount of water stored in the two aquifers we studied, the residence time of a contaminant in each aquifer will be different. Higher storage in the diffuse component of the Big Spring system relative to the Tufa Spring system suggests that contaminants are likely to remain in storage for longer periods of time in the Big Spring system.
Although this means that a potential contaminant will be spatially and temporally dispersed as it moves through a porous media, sensitive organisms may be exposed to low concentrations for extended periods of time. In the Tufa Spring system, where rapid conduit flow and concentrated recharge dominate, potential contaminants will be flushed quickly through the system. However, if contaminants are deposited aerially and are stored in snowpack, they may also be released over the same time period as the snowmelt occurs.
The major differences in seasonal storage capacity between these two aquifers indicate that overlying unconsolidated materials must contribute substantially more to diffuse flow and storage on annual or shorter time scales than fracture storage does. However, in order to quantify these contributions, additional data are needed. Data presented here are not sufficient to separate matrix and fracture storage in the karst from storage in overlying unconsolidated deposits. Future study is needed to determine if there is a relationship between the proportion of diffuse flow and the amount, type, and maturity of available unconsolidated material. Although a relationship appears to exist in these two aquifers, where more mature unconsolidated materials correlate with larger and longer storage capacity, hydrogeochemical properties of some other karst springs in SEKI indicate much longer average residence times and larger karstic storage capacity. Characterizing recharge, hydrogeologic, and geochemical properties of these springs is the subject of current and future studies.
As SEKI begins planning for mitigation of potential anthropogenic impacts to the aquatic systems in the parks, including spills of toxins, use of fire-retardant or similar chemicals, and deposition of airborne contaminants in the basin, a better understanding of residence times and storage properties is required. Karst aquifers that are supplied by large amounts of water slowly flowing through unconsolidated material prior to entering a conduit system have greater potential for contaminant removal through natural attenuation, bioremediation, or biological uptake of nutrients such as nitrate and phosphate. This is because water moving through the unconsolidated material typically has a longer residence time, and thus, more time to interact and react with the surrounding materials. Water that enters the karst quickly, via larger conduits and fractures, typically has less potential for removal of contaminants from the water, increasing the likelihood that contaminants could leave the system at dangerous concentrations. However, the quick-flow systems also have the potential to flush the contamination through the system rapidly, minimizing potential long-term impacts. In either case, the results of this study contribute to improving our incomplete understanding of how marble aquifer systems in mountains function and will assist managers at SEKI and elsewhere in making scientifically informed and justifiable decisions.
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